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Abstract
  Based on actual demands and application status of Advanced Public Transportation System (APTS) in the civil city, 
and the full use of the technique, such as the internet of things, GPS and etc. In the paper, a solution is proposed for 
APTS, which is composed of data transmission protocol and ad hoc network construction method based on the bus 
location. Together with the movement characteristic of ad hoc network node on bus, node dynamic mobile model of 
link break rate and link changes queuing model are build, and dynamic performance of the network is also priority 
analyzed. Finally, in the simulation experiment on Qualnet plat, it verifies the close relationship between the dynamic 
network characteristics and link break rate of Ad hoc network. The speed of the public bus, the distribution density of 
the Ad hoc network node and long distance transmission are effectively combined by the link rate model, to analysis 
the dynamic characteristics of the network and link break rate in theory. It will provide the theoretical basis and data 
support for the ad hoc network of APTS. 
© 2011 Published by Elsevier Ltd.  
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1.     Introduction 
With the development of economic society, the urban transportation is developing too fast to produce 
the big traffic congestion and has already become the bottleneck of baffling national economy 
development [1]. In order to solve these problems fundamentally, many countries are developing ATPS in 
the civil city, expecting to solve the traffic congestion thoroughly. Public bus management system mainly 
use monitor mode with the technique, such as GPRS, GPS etc, and remote monitoring method [2]. GPS is 
used for pointing out the real-time location of public bus, and the real-time location information of the bus 
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is transmitted in GPRS, then in the remote monitoring center, the information will be stored, analyzed and 
processed. Ad hoc network is a multi-hop wireless network with non-self-organization, which consists of 
a group of the mobile nodes with the wireless transceiver device. Independent on the default infrastructure, 
it can be a wireless mobile communication ad hoc network with multi-hop self-organization. Structurally, 
ad hoc network consists of a series of electronic shifted nodes, in which the dynamic node is arbitrarily 
distributed. As the building and removing of the ad hoc network are flexible and in a high degree of 
autonomy, it can be widely used in digital battlefield, natural disasters, emergency treatment, scientific 
investigation, exploration, interactive lecture, business meetings, emergency communications and other 
fields.
In this paper, according to the movement characteristics of the public bus, the link break rate model of 
ad hoc network is presented, and link dynamic characteristics are analyzed through building circular 
queue model, from which the link dynamic model and its expression is obtained. In the simulation 
experiment on Qualnet plat, the close relationship between the dynamic characteristics and the link break 
rate of the network have been tested. Based on this, the flowing wireless monitoring network at wide 
coverage of the public bus in the civil city, is constructed to realize the transmission and gathering of the 
information of the bus position, velocity, and the operation status messages, and to realize the information 
interaction between the monitored vehicles and monitoring center with cable broadband network. It can 
comprehensively grasp the position information of public bus and the road traffic status in real time. It is 
helpful to provide effective data support for the public bus scheduling in the civil city. 
2.     Design of Intelligent Public Bus Communication System 
ATPS consists of the vehicle-mounted device, the cable gateway node and the monitoring center. In 
order to master the movement status of the public bus, the real-time location and the speed of the public 
bus is a very important part in the monitoring.  
Normally the vehicle-mounted device has the GPS module and the wireless data transmission module. 
GPS module gets the longitude, latitude of the bus and the speed information. The wireless data 
transmission module upload the information of the location, speed, and the movement status of the public 
bus, through ad hoc network routing protocol based on the bus location.
Cable gateway node can analyze and dispose the gathered information, and send to the monitoring 
center in custom packet format. Communication network overall structure is shown in figure 1(a) below: 
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Fig. 1. (a) communication network structure of APTS; (b) the diagram of Ad hoc network scenarios 
3.     Dynamic performance analysis of ad hoc network 
3.1 The mobile model of the vehicle network node 
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Different movement model has different dynamic topology characteristics. In order to simplified 
analysis, this paper uses the most common model, Random Waypoint mobile model [9], to analyze in the 
ad hoc network research. And assume that the network nodes is random distribution in the road network, 
and the network node distribution obey to Poisson rule[10]in the area forΩ of which the radius is r. 
Assume that ( )P kΩ  is the probability of having k nodes in the area for Ω ,or:
( )
( ) , 0 ,1, 2
!
k ll e
P k k
k
ρρ −
Ω = = L                                                                                                           (1)
in which, ρ is the node density of vehicle network in the unit length, and l  is the road length. 
3.2 Link break rate 
Based on Random Waypoint mobile model, the speedυ of vehicle-mounted ad hoc network node will 
follow even distribution in the max[0, ]υ , with direction Angleθ of speed, andυ ,θ  are independent. 
Suppose in the scene of road network, the vehicle-mounted ad hoc network node assembly isΠ , with 
random distribution on length of road for L, and every vehicle-mounted network node having the same 
transmission distance for r. 
Considering any point O on the road, within the effective communication area Ω ,of which the radius 
is r, suppose there is a virtual node in  at the point O(as shown in figure 1(a)),at the time of t, the node 
unit within the scope of the transmission of the node in  is ( )tΓ ： ( ) { | ( , , ) }i i jt n D n n t rΓ = ≤ , in 
which ( , , )D x y t  is the distance between x and y at the time of t. The number of the element of a set Γ
is the number of the communication link of the nodes in .If the unit containing the other node is ( )tΓ ：
( ) { | ( , , ) }i i jt n D n n t rΓ = > , soΠ = Γ∪Γ .As the movement of the vehicle-mounted ad hoc network 
node, the node in the unit Γ  will inevitably move out of the transmission range of the node in  and into 
the unit Γ ,which will make the wireless network link of the node in broken. Suppose link break rate is γ  at which the elements in the unit Γ  access to the unit Γ  because of the movement.  
Suppose ( , )x tΜ  is the link number of node x at the time of t, and is the node number in the 
transmission range of node x at the time of t. Or: 
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(2) 
Suppose ( , , )o x y tΜ is that link break between node x and y at the time of t, then: 
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In which, dt is the discrete infinitesimal time, link break rate of the node x during the whole time T is: 
                                                                                                                    (4)
To the definition of link break rate in type (3), the number of the link node ( , )x tΜ  and link variation 
function 0M x（ ,y,t） is the discontinuous function about the time t, but it is not easy to deal with in the 
following analysis of the link-state. From consideration on the other side, to the link decrease of the node 
in , and to consider the distribution of time interval when the link breaks, suppose mt  is the time at the 
first m times when the link breaks happened, and 1mt + is the moment when the link breaks at m+1 times, 
will be : 1m mt t t+Δ = − .So tΔ is the time interval that the link of the node in is broken, or the link 
variation of the node, and the reciprocal of its mean is the speed of the link break. As the randomness of 
the node movement, tΔ is a random variable. Suppose the reciprocal of its mean is: 
1( )E tζ −= Δ                                                                                                                                            (5)
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3.3 Link changes queuing model 
In order to calculate the link break rate ζ defined above, referencing fig 1(a) and fig 1(b), the 
mathematics model is abstracted which is regarded as a queuing service system in the areaΩ . It services 
for the node set Γ .The time of service is the residence time of the node set Γi in the area of Ω , and the 
number of the server is infinite. It means after any node reaches at the area ofΩ , the system is beginning 
to provide services.  
In the effective communication areaΩ , node number of vehicle-mounted ad hoc network which may 
enter into this area Ω after t is considered. Suppose the public bus in the civil city obeys to poisson 
distribution, to any node iΓ  in the network, under the given speed of iυ , the average number of the node 
which can enter into the areaΩ  after t from each direction of the network is: 
max
max0
1
( )
2
v
t k vtdv k v tλ ρ ρ= =∫ (6)
In which k is the number of traffic toward to the pointΟ , one-way road for 1, two-way road for 2. If 
pointΟ is at the crossing, K will be complex, but be still a constant. We only discuss two-way road here, 
so K is 2.The average number of nodes arrived at the areaΩ , so is the reaching average speed of the 
customer in the queuing system:  
max
1
2
k vλ ρ= (7)
Because of supposing the vehicle-mounted ad hoc network node arriving at the region Ω obey poisson 
distribution, the input of the queuing systemΩ is Poisson flow, of which the expectation isλ .
4.     Simulation experiment and analysis on Qualnet plat 
4.1 Simulation experiment on Qualnet plat 
Using the simulation tools on Qualnet[6] plat, with real experimental simulation environment in the 
area of 3km×3km, the whole length of the network is 26km.There are 40，80，100 and 200 nodes in the 
area, setting the same transmission range of 800m between each node. MAC protocol uses IEEE 802.11. 
The routing protocol uses the DSR which is commonly used in Ad hoc network currently. The maximum 
speed of vehicle mobile model is set up at 20km/h、40km/h、60km/h、80km/h、100km/h. Business 
flow is set to 90% of the node number of CBR flow. In order to make the network business flow not 
synchronous, the start time of CBR flow use random variables generating. The simulation of time Sets for 
12h. 
4.2 Simulation and analysis of the dynamic link characteristics  
According to the virtual nodes set in the model 3.3, in the simulation experiment, the virtual nodes are 
set by selecting 20 different positions in the scene. The link break rate of different node density at the 
different largest velocity are calculated as its average, then to get the link break rate of different node 
density at the different largest velocity. We have got the link break rate; the largest velocity of node and 
the node density are roughly in a linear relationship. The results of the simulation and the analysis above 
is in agreement; when the speed of vehicle-mounted ad hoc network node is lower, the deviation between 
the simulation results and the theoretical value are smaller; when the speed of the node is high, some 
existing node through the observation area is not counted because of sample time within 1min, so the 
simulation results are slightly smaller than the theoretical value. 
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4.3 Simulation of the network and performance analysis based on the link break rate 
Figure 2(a) is the picture to represent the network throughput of different node at different speed using 
DSR routing protocol. It is shown from Fig 2(a) that the network throughput decreases along with the 
increase of the number and speed of the nodes. When there are 40 nodes, with the increase of the speed, 
the network throughput decreases more slowly than when there are80、100、200 nodes. In order to 
further consider the network performance with the same link break rate, under the same condition, the 
network performance of different node number with the same link break rate are counted as Fig 2(b). It is 
known from Fig 2(b) that with the increase of the link break rate, when the network throughput decreases 
to a certain threshold, the network performance sharp decrease. The smaller the node number is, the 
greater the threshold is. 
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Fig. 2. (a) throughput under largest velocity of public bus; (b) throughput under same LBR 
5.     Conclusion 
The wireless self-organization network technology is the foundation of the communication network of 
APTS in this paper. It combined with position information, movement characteristics of vehicles and 
flexible routing protocol to realize the acquisition and the transmission of the real-time data, such as the 
position and the velocity of the public bus and the operation status information. It ensures the reliable 
transmission of the data under the complex environment in the city. It is very useful to install an 
appropriate amount of the cable gateway. It also improves transmission capacity and the transmission 
distance of the data. In the meantime, comparing with GPRS/GPS, it reduces the cost of the system 
construction and the operational cost, and enhance the cost of the performance as well. 
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